F02ED0469 

OSCILLATOR CIRCUIT WITH TEMPERATURE COMPENSATION FUNCTION 

Background of the Invention 

The present invention relates to an oscillator 
5 circuit and a control method thereof, and particularly to 
an oscillator circuit driven at a low voltage and a 
control method thereof. 

A high-frequency oscillator circuit is configured 
of, for example, a resonant circuit in which a negative 

10 resistor, an inductor and a variable capacitance type 

capacitor are parallel-connected to one another. A method 
of controlling the oscillation frequency of such an 
oscillator circuit is carried out by changing the 
capacitance of the capacitor with a voltage or changing 

15 the mutual conductance of the negative resistor with 

current as described in the following non-patent document 
1, for example. A field effect transistor is generally 
used as the variable capacitance type capacitor. 
Described specifically, a gate electrode of the field 

20 effect transistor is connected to the negative resistor 
and the inductor, and a source electrode and a drain 
electrode thereof are short-circuited to apply 0 to a 
power supply voltage. The oscillation frequency of the 
oscillator circuit is changed to 0% to 20% by such a 

25 variable capacitance. An oscillation frequency band 

necessary for radio, a shift in oscillation frequency due 
to a change in temperature, a shift in oscillation 
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frequency due to variations in device characteristic, etc. 
are all held within this frequency range. 

IEEE Transactions on Microwave Theory and 
Techniques, Vol. 49, NO. 1, JANUARY 2001, ppl7-22 
5 In the description of the above patent document, 

the frequency band necessary for radio can be ensured 
even if an ambient temperature of the oscillator circuit 
is varied in a range of 240K to 400K where the power 
supply voltage for driving the oscillator circuit is 

10 about 2V or more. When the power supply voltage reaches 

about IV, the variable width of the oscillation frequency 
is reduced to about 5% to about 10%. When the oscillation 
frequency range of the oscillator circuit becomes narrow, 
the frequency band necessary for radio cannot be ensured 

15 in a temperature range normally required for the 

oscillator circuit, e.g., a full range of 230K to 400K 
even though the frequency band necessary for radio could 
be ensured at a specific temperature. Its principal cause 
results from the fact that the mutual conductance of each 

20 transistor constituting the negative resistor is reduced 
with a rise in temperature, so that the frequency for 
starting oscillations is lowered. That is, the oscillator 
circuit or a voltage-controlled oscillator becomes narrow 
in oscillation frequency band when its drive voltage is 

2 5 reduced, and cannot afford to accommodate variations in 
oscillation frequency due to a change in temperature in 
terms of the frequency. Further, when the variations in 
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production device characteristic are taken into 
consideration, the accommodation of the variations in 
device characteristic in the narrow oscillation frequency 
band at the time that the power supply voltage is about 
5 IV is considered to be almost impossible. 



Summary of the Invention 

The present invention has been made to solve the 
foregoing problems. Therefore, the present invention 
10 provides an oscillator circuit, comprising: 

a resonant circuit which includes a negative 
resistor, an inductor and an oscillation frequency 
setting capacitor whose capacitance is varied according 
to a control voltage based on oscillation frequency data 
15 and which outputs a signal having an oscillation 

frequency based on the oscillation frequency data; 

a temperature detector which outputs temperature 
compensation data, based on the temperature; and 

temperature compensating capacitors that are 
20 electrically connected to the resonant circuit and 

changed in capacitance value, based on the temperature 
compensation data to thereby adjust the oscillation 
frequency. 

In the oscillator circuit according to the present 
25 invention, the temperature compensation data based on the 
temperature of the oscillator circuit is generated by the 
temperature detector during the operation of the 
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oscillator circuit. Further, the capacitances of the 
temperature compensating capacitors are adjusted to 
adjust the capacitance value of the resonant circuit, 
whereby temperature-compensation for an oscillation 
5 frequency range of the oscillator circuit is carried out. 
According to the oscillator circuit having such a 
configuration, even if a drive voltage is low and the 
oscillation frequency is narrow in variable width, the 
influence of the temperature on the oscillation frequency 
10 can be compensated and a required oscillation frequency 
band can be ensured. 



Brief Description of the Drawings 

While the specification concludes with claims 
15 particularly pointing out and distinctly claiming the 

subject matter which is regarded as the invention, it is 
believed that the invention, the objects and features of 
the invention and further objects, features and 
advantages thereof will be better understood from the 
20 following description taken in connection with the 
accompanying drawings in which: 

Fig. 1 is a conf igurational example of an 
oscillator circuit according to a first embodiment of the 
present invention ; 
25 Fig. 2 is a conf igurational example of a voltage- 

controlled oscillator according to the first embodiment ; 
Fig. 3(a) shows a circuit configuration of a 
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temperature detector of the temperature detector; 

Fig. 3(b) shows an output signal of a temperature 
detector of the temperature detector; 

Figs. 4(a) to 4(c) illustrate results obtained by 
5 measuring relationships between oscillation frequencies 
and LPF voltages at non- temperature compensation under 
respective temperatures ; 

Fig. 4(d) illustrates a relationship between the 
oscillation frequency and the temperature where the LPF 
10 voltage = 0.7V in Figs. 4(a) to 4(c); 

Figs. 5 (a) and 5(b) are timing charts for 
describing a packet transmitting/receiving process 
according to the first embodiment; 

Fig. 6 is a flowchart for describing the packet 
15 transmitting/receiving process according to the first 
embodiment ; 

Fig. 7 is a circuit conf igurat ional example for 
varying the mutual conductance of a negative resistor; 

Fig. 8 is a conf igurational example of an 
20 oscillator circuit according to a second embodiment of 
the present invention; 

Fig. 9 is a conf igurational example of a voltage- 
controlled oscillator according to the second embodiment; 

Fig. 10 shows a simulation result obtained by 
2 5 varying the composite capacitance value of device 
characteristic compensating capacitors to thereby 
calculate an oscillation frequency; 
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Fig. 11 shows a calculated example of device 
characteristic compensation data; 

Fig. 12 is a flowchart for describing a packet 
transmitting/receiving process according to the second 
5 embodiment ; and 

Fig. 13 is a flowchart for describing a process for 
calculating a string of device characteristic 
compensation data. 

10 Detailed Description of the Invention 

Preferred embodiments of the present invention will 
hereinafter be described in detail with reference to the 
accompanying drawings . 
<First embodiment > 

15 [Overall configuration] 

Fig. 1 is a conf igurat ional example of an 
oscillator circuit 100 according to a first embodiment. 
The oscillator circuit 100 is contained in a wireless 
integrated circuit mounted in a wireless apparatus such 

20 as a wireless local area network (LAN) and determines a 
carrier frequency of a radio wave in accordance with the 
oscillation frequency of an output signal of the 
oscillator circuit 100. 

The oscillator circuit 100 is a phase locked loop 

25 type oscillator circuit, for example. As will be 
described later, the oscillator circuit 100 has a 
temperature compensating function for compensating for 
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the influence of a change in the temperature of the 
oscillator circuit 100 on an oscillation frequency band. 

The oscillator circuit 100 includes a phase locked 
loop comprising a phase comparator 1, a loop filter 2, a 
5 voltage-controlled oscillator (VCO) 3 and a frequency 
divider 4, a register 5 and a temperature compensating 
circuit 6 . 

The phase comparator 1 outputs the difference in 
phase between a reference frequency signal having a 

10 reference frequency fref and a frequency division signal 
corresponding to the output of the divider 4 in voltage 
or current form. The loop filter 2 is a low pass filter 
(LPF) , which effects smoothing (averaging) on the output 
of the phase comparator 1. Since the voltage outputted 

15 from the loop filter 2 is equivalent to the output of the 
LPF here, the output voltage of the loop filter 2 will be 
called "LPF voltage" in the following description. The 
voltage-controlled oscillator 3 outputs an oscillation 
frequency signal fout having a frequency (N*fref) 

20 equivalent to division ratio N times the reference 

frequency fref in accordance with the LPF voltage. The 
divider 4 is configured of, for example, a programmable 
counter, which divides the frequency of the oscillation 
frequency signal fout into 1/N. The register 5 sets 

25 frequency data (division ratio N) to the divider 4 and 
outputs temperature compensation data to the voltage- 
controlled oscillator 3 in order to adjust the 
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oscillation frequency band. The temperature compensation 
data is data for compensating for the influence of the 
temperature of the oscillator circuit 100 on the 
oscillation frequency band. 
5 The register 5 (frequency data setting unit) 

obtains or captures and retains frequency data (division 
ratio N) fetched from a control circuit of the wireless 
apparatus and sets it to the divider 4 . 

The temperature compensating circuit 6 comprises a 

10 register 7 (temperature compensation data setting unit) 

and a temperature detector 8 . The temperature detector 8 
outputs temperature compensation data corresponding to 
the temperature to the register 7. The register 7 
temporarily holds the temperature compensation data 

15 therein and sets it to the voltage-controlled oscillator 
3. As will be described later, the register 7 renews or 
updates the incoming temperature compensation data for 
each transmission or reception of a packet from or in the 
wireless apparatus, sets it to the voltage-controlled 

20 oscillator 3 and holds the same value during the 
transmission or reception of one packet. 

The oscillator circuit 100 feeds back the division 
signal obtained by dividing the output of the voltage- 
controlled oscillator 3 into 1/N by the divider 4 to the 

25 phase comparator 1 and performs feedback control in such 
a manner that the reference frequency signal and the 
division signal coincide in phase with each other, 
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thereby output ting the oscillation frequency fout 
equivalent to N times the reference frequency f ref . The 
setting of the oscillation frequency is carried out by 
causing the register 5 to set the division ratio N to the 
5 divider 4. If the value of the division ratio N is 

changed, then the oscillation frequency is changed. The 
temperature compensating circuit 6 compensates for the 
influence of the temperature on the oscillation frequency. 
[Configuration of voltage-controlled oscillator] 
10 Fig. 2 is a conf igurat ional example of the voltage- 

controlled oscillator 3. The voltage-controlled 
oscillator 3 includes a negative resistor 31, an inductor 

32, an oscillation frequency setting capacitor 33 and a 
buffering circuit 36. The negative resistor 31, the 

15 inductor 32 and the capacitor 33 constitute a resonant 

circuit. The negative resistor 31 comprises, for example, 
a plurality of transistors that constitute a positive 
feedback loop. Here, the capacitor 33 is a variable 
capacitance type capacitor and has a voltage control 

20 terminal for varying a capacitance value. The LPF voltage 
corresponding to the output of the loop filter 2 is 
inputted to the voltage control terminal of the capacitor 

33. The capacitance of the capacitor 33 is varied 
according to the LPF voltage. The buffering circuit 3 6 is 

25 a buffer circuit for preventing buffering between the 

resonant circuit and a circuit on the output side. The 
buffer circuit fetches out a signal oscillated by the 



-9- 



F02ED0469 



resonant circuit and outputs an oscillation frequency- 
signal . 

In the present embodiment, the inductance of the 
inductor 32 is set to, for example, 2.0nH, the 
5 capacitance value of the capacitor 33 is set to 2 . lpF as 
a typical value, and the oscillation frequency band is 
set to a range of 2.4GHz to 2 . 5GHz . 

The voltage-controlled oscillator 3 further 
includes temperature compensating capacitors 34 and 35. 

10 The temperature compensating capacitors 34 and 35 are 

variable capacitance type capacitors for compensating for 
the influence of a change in temperature on the 
oscillation frequency band. The capacitors 34 and 35 
respectively have voltage control terminals for varying 

15 their capacitance value. Temperature compensation data a 
and b are respectively inputted to the voltage control 
terminals from the temperature compensating circuit 6 
(see Fig. 1) . The capacitors 34 and 35 are varied in 
capacitance value in accordance with the temperature 

20 compensation data a and b. The capacitance values of the 
temperature compensating capacitors 34 and 35 are 
respectively set to 1/16 of the capacitance value of the 
oscillation frequency setting capacitor 33. 

Although the temperature compensating capacitor is 

2 5 provided two (corresponding to the two voltage control 
terminals inputted with the temperature compensation 
data) , the number of the temperature compensating 
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capacitors (corresponding to the number of the voltage 
control terminals inputted with the temperature 
compensation data) may be three or more. However, the 
number of the temperature compensating capacitors has an 
5 upper limit and is selected in a range less than its 
upper limit value. This is because the value of stray 
capacitance existent in wiring or the like of each 
temperature compensating capacitor becomes innegligible 
for the capacitance value of the oscillation frequency 

10 setting capacitor 33 with an increase in the capacitance 
values of the temperature compensating capacitors 
.parallel -connected to the resonant circuit. Thus, the 
number of the temperature compensating capacitors reaches 
the upper limit value when the oscillation frequency of 

15 the oscillator circuit 100 is controlled by the stray 
capacitance . 

[Configuration of temperature detector] 

Fig. 3(a) is a conf igurational example of the 

temperature detector 8 . The temperature detector 8 
20 includes current sources 801 through 803, resistors Rl 

through R3 and voltage comparators 804 and 805. 

The current source 801 is a current source 

independent on the temperature, i.e., a current source 

that outputs a predetermined current without depending on 
25 the temperature. The resistor Rl is connected in series 

with the current source 801 with resistors interposed 

therebetween as needed. A voltage applied across the 
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resistor Rl is outputted to the voltage comparators 804 
and 805. The voltage applied across the resistor Rl is 
calculated based on the product of the resistance value 
of the resistor Rl and the output current of the current 
5 source 81. Since the output current does not depend on 
the temperature, the voltage applied across the resistor 
Rl does not depend on the temperature either. The voltage 
applied across the resistor Rl reaches 50kQ*20|HA = IV 
assuming that, for example, the resistance value of the 

10 resistor Rl is 50kQ and the output current of the current 
source 801 is 20)HA. 

The current sources 802 and 803 are current sources 
each of which outputs a current proportional to the 
absolute temperature. The resistors R2 and R3 are 

15 connected in series with the current sources 802 and 803 
respectively. 

A voltage applied across the resistor R2 is 
inputted to the voltage comparator 804. The voltage 
applied across the resistor R2 is equivalent to the 

20 product of the resistance value of the resistor R2 and 

the output current of the current source 802. Since the 
output current is proportional to the absolute 
temperature, the voltage applied across the resistor R2 
is also proportional to the absolute temperature. The 

25 resistor R2 is selected in such a manner that the voltage 
applied across the resistor R2 becomes equal to the 
voltage (IV in the present embodiment) applied across the 



-12- 



F02ED0469 



resistor Rl at a temperature 350K. The voltage applied 
across the resistor R2 is calculated as 42857Q*20|iA 
(absolute temperature/300K) assuming that, for example, 
the resistance value of the resistor R2 is 42857Q and the 
5 output current of the current source 802 is 
20|iA* (absolute temperature/3 00K) . 

A voltage applied across the resistor R3 is 
inputted to the voltage comparator 805. The voltage 
applied across the resistor R3 is equivalent to the 

10 product of the resistance value of the resistor R3 and 

the output current of the current source 803. Since the 
output current is proportional to the absolute 
temperature, the voltage applied across the resistor R3 
is also proportional to the absolute temperature. The 

15 resistor R3 is selected in such a manner that the voltage 
applied across the resistor R3 becomes equal to the 
voltage (IV in the present embodiment) applied across the 
resistor Rl at a temperature 260K. The voltage applied 
across the resistor R3 is calculated as 57700Q*20|UA 

20 (absolute temperature/300K) assuming that, for example, 

the resistance value of the resistor R3 is 57700Q and the 
output current of the current source 803 is 
20|iA* (absolute temperature/300K) . 

The voltage comparator 804 outputs temperature 

25 compensation data b for decreasing the capacitance value 
of the capacitor 35 and raising the oscillation frequency 
band when the temperature rises. In the present 
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embodiment, when the temperature rises beyond 3 50K 
(threshold value) , the output of the voltage comparator 
804 is inverted from low: 0V to high: power supply- 
voltage as shown in Fig. 3(b) to thereby reduce the 
5 capacitance value of the capacitor 35 by 0.07pF from the 
capacitance value where it is low. The voltage comparator 

804 has a history (hysteresis) with respect to the input 
such that when the temperature is lowered and falls below 
350K, the temperature compensation data b is inverted 

10 from high to low at a temperature lower than 350K. 

The voltage comparator 805 outputs temperature 
compensation data a for increasing the capacitance value 
of the capacitor 34 and lowering the oscillation 
frequency band when the temperature rises. In the present 

15 embodiment, when the temperature is reduced below 260K 
(threshold value) , the output of the voltage comparator 

805 is inverted from high: power supply voltage to low: 
0V as shown in Fig. 3(b) to thereby increase the 
capacitance value of the capacitor 34 by O.OlpF from the 

2 0 capacitance value where it is high. The voltage 

comparator 805 has a history (hysteresis) with respect to 
the input such that when the temperature is raised and 
falls beyond 260K, the temperature compensation data a is 
inverted from low to high at a temperature higher than 

25 260K. 

Here, it is desirable that each of the signals 
given to the temperature compensating capacitors 34 and 
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35 is a stable digital signal of either OV or the power 
supply voltage. This is because the dependence of the 
capacitors 34 and 35 on the voltage is almost negligible 
near OV and the power supply voltage given to the power 
5 supply control terminals of the capacitors 34 and 35, 

whereas the dependence of the capacitors 34 and 3 5 on the 
voltage is finite in value where each of the voltages 
applied to the power supply control terminals is an 
intermediate value between those voltages. 

10 Incidentally, although the current sources for 

outputting the currents proportional to the absolute 
temperature, and the resistors and voltage comparators 
connected in series with them are provided in two pairs 
in Fig. 3(a), they may be . increased within the range of 

15 the upper limit value of the number of the temperature 
compensating capacitors of the voltage-controlled 
oscillator 3 as described above. If the temperature 
detector 8 for outputting four temperature compensation 
data is configured so as to output the temperature 

20 compensation data inverted from low to high at 320K and 
3 50K on the side higher in temperature than 3 0 OK and 
output the temperature compensation data inverted from 
high to low at 290K and 260K on the side lower in 
temperature than 3 00K, for example, then high-accuracy 

25 temperature compensation can be realized as compared with 
the case of the two temperature compensation data. 
The current source 801 independent on the 
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temperature is one for generating a reference voltage 
independent on the temperature may be substituted with a 
voltage source independent on the temperature. 

[Temperature dependence of oscillation frequency] 
5 Figs. 4(a) to 4(c) shows results obtained by 

measuring a relationship between the oscillation 
frequency and the LPF voltage at respective temperatures 

(-40°C, 27°C and 100°C) . Fig. 4(d) illustrates a 
relationship between the oscillation frequency and the 
10 temperature at the LPF voltage = 0.7V in Figs. 4(a) to 
4(c). 

Referring to Fig. 4(d), the oscillation frequency 
at 300K (27°C) is 2478MHz, whereas the oscillation 
frequency at 373 (100°C) is 2430MHz and the oscillation 

15 frequency at 233K (-40°C) is 2489MHz. A principal cause 

of a reduction in the oscillation frequency due to a rise 
in temperature results from the fact that the carrier 
mobility of each transistor constituting the negative 
resistor 31 is reduced to degrade the mutual conductance 

20 of the transistor, so that the resistance value of the 
negative resistor 31 is decreased. In addition, an 
increase in the value of a series resistance of the 
inductor 32 and the capacitor 33 with a rise in 
temperature also contributes to a reduction in 

25 oscillation frequency. Due to these two causes, the 
frequency at which the negative resistance value 
(negative resistor 31) exceeds the series resistance 
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value (inductance 32 and capacitor 33) , is reduced and 
hence the oscillation frequency is lowered. 

In the present embodiment, the oscillation 
frequency varied with the change in temperature is 
5 controlled so as to be maintained at near the design 
value (2478MHz (300K) ) by virtue of the temperature 
compensating circuit 6 and the temperature compensating 
capacitors 34 and 35. Described specifically, when the 
temperature rises and exceeds 3 50K as described above, 

10 the output of the voltage comparator 804 is inverted from 
low to high and the temperature compensation data b: high 
is supplied to the capacitor 35, whereby the capacitance 
value of the capacitor 3 5 is reduced so that the 
oscillation frequency band is raised. As a result, the 

15 oscillation frequency at 373K receives compensation to 
2478MHz as a substitute for 2430MHz. 

On the other hand, when the temperature is lowered 
and falls below 260K, the output of the voltage 
comparator 805 is inverted from high to low and the 

20 temperature compensation data a: low is supplied to the 
capacitor 34. Thus, the capacitance value of the 
capacitor 34 is raised so that the oscillation frequency 
band is lowered. As a result, the oscillation frequency 
at 230K receives compensation to 2478MHz as a substitute 

25 for 2489MHz. The dependence of the oscillation frequency 
on the temperature shown in Fig. 4(d) is suppressed by 
the changes in the capacitance values of the capacitors 
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34 and 3 5 due to these temperature compensation data a 
and b. 

As a result, the oscillation frequency can be 
controlled to near the oscillation frequency band at 300K 
5 in both cases in which the temperature becomes higher and 
lower than 300K. 

[Packet transmitting/receiving process] 

Figs. 5(a) and 5(b) typically shows a timing chart 

for describing a packet transmitting/receiving process 
10 according to the present embodiment. The same figure is a 

timing chart showing a process executed for each 

transmission or reception of one packet. 

In a wireless system of a short-range wireless LAN, 

the transmission/reception of each packet generally takes 
15 turns at a time base. A wireless integrated circuit 

fetches set data (division ratio N) of the following 

oscillation frequency from a control circuit of a 

wireless apparatus at the beginning of alternation of the 

transmission and reception and sends the set data to an 
20 oscillation unit (corresponding to the oscillator circuit 

shown in Fig. 1 in the present embodiment) of the 

wireless integrated circuit. 

Described specifically, the wireless integrated 

circuit receives oscillation frequency data (division 
25 ratio N) and reads it into the register 5 and holds it 

therein at the beginning of alternation of the 

transmission and reception as shown in Fig. 5(a). The 
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temperature detector 8 is started (ON) in the same time 
zone and the temperature compensation data a and b are 
read from the temperature detector 8 to the register 7, 
where they are retained therein. Thereafter, the 
5 temperature detector 8 is stopped (see the same Figs. 
5(a) and 5(b)). Afterwards, the oscillation frequency 
data (division ratio N) is written into the divider 4 and 
the temperature compensation data a and b are 
respectively set to the capacitors 34 and 35 of the 

10 voltage-controlled oscillator 3. After the completion of 
these settings, the phase locked loop of the oscillator 
circuit 100 is operated to lock or pull in the frequency 
until the oscillation frequency is stabilized (see the 
same Figs. 5(a) and 5(b)). If the oscillation frequency 

15 is made stable, then the transmission or reception of the 
packet is started (see the same Figs. 5(a) and 5(b)). 

Fig. 6 is a flowchart for describing the packet 
transmitting/receiving process according to the present 
embodiment . 

20 After the wireless integrated circuit has been 

started up (Step S10) , the oscillation frequency data 
(division ratio N) is read from the control circuit of 
the wireless apparatus to the register 5, where it is 
retained (Step Sll) . Further, the temperature detector 8 

25 is started up (ON) (Step S12) and the temperature 

compensation data a and b are read into and retained in 
the register 7 (Step S13) . Thereafter, the temperature 
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detector 8 is turned OFF (stopped) . 

Next, the oscillation frequency data is written 
into the divider 4, and the temperature compensation data 
a and b are respectively set to the capacitors 34 and 35 
5 of the voltage-controlled oscillator 3 (Step S15) . After 
the completion of these settings, the phase locked loop 
of the oscillator circuit 100 is operated to pull in the 
frequency until the oscillation frequency is stabilized 
(Step S16) . If the oscillation frequency is stabilized, 

10 then the transmission or reception of one packet is 
executed (Step S17) . After the completion of the 
transmission or reception of one packet, the present 
process is returned to Steps Sll and S12, and Steps Sll 
and S12 through S17 are repeated. 

15 The capacitance values of the temperature 

compensating capacitors 34 and 35 are held constant 
during the transmission or reception of one packet in 
this way. Thus, even if the temperature is moved over the 
threshold values of the voltage comparators 804 and 805 

20 of the temperature detector 8 in the course of the 

transmission or reception of the packet, the oscillation 
frequency of the oscillator circuit is held constant. 

In the present embodiment, current consumption of 
the temperature detector 8 depends on the number of the 

25 current sources. When the four current sources whose 
currents are proportional to the absolute temperature, 
are provided in the temperature detector 8, the current 
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sources of the temperature detector 8 result in 5 in 
total by summing the four current sources whose currents 
are proportional to the absolute temperature, and one 
current source independent on the temperature. In this 
5 case, power consumption results in 5*20|LLA = 100|lA upon 
operation of the temperature compensating circuit 6. 
Since, however, the temperature compensating circuit 6 is 
deactivated up to the head of the following packet after 
the temperature data a and b have been retained in the 

10 register 7, as shown in Fig. 5(b), the power consumption 
reaches less than 10|iA if averaged inclusive of even the 
time being used during transmission/reception, and hence 
an increase in power consumption due to the temperature 
compensating function is little. 

15 In the present embodiment, the temperature data a 

and b are supplied to the temperature compensating 
capacitors 34 and 35. However, the temperature 
compensation data are supplied to the negative resistor 
31, and the dc current supplied to each transistor of the 

20 negative resistor 31 is changed to vary the mutual 

conductance thereof, for example, whereby temperature 
compensation may be effected on the oscillation frequency. 
Since it is disadvantageous to increase the dc current 
flowing into the transistor in terms of low power 

25 consumption of the wireless integrated circuit, the 
method of varying the capacitance values of the 
temperature compensating capacitors 34 and 35 as 
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described above is advantageous. However, when the 
temperature compensation is effected on the oscillation 
frequency by varying the mutual conductance of the 
negative resistor 31, the temperature compensating 
5 capacitors 34 and 35 can be omitted. A circuit 
conf igurational example for changing the mutual 
conductance of the negative resistor 31 is shown in Fig. 
7. As shown in Fig. 7, a switching signal based on 
temperature compensation data is supplied to a Tr3 to 

10 switch a current I supplied to the negative resistor 31 
to 12 alone or 11+12, thereby making it possible to 
vary the mutual conductance of the negative resistor 31. 
[Operation and effects] 

According to the present embodiment, since the 

15 dependence of the oscillation frequency of the oscillator 
circuit 100 on the temperature is compensated, a burden 
for ensuring an allowance for a change in temperature 
with respect to the oscillation frequency band is reduced. 
That is, it is possible to narrowly design the 

20 oscillation frequency band, i.e., design the frequency 
sensitivity of the oscillator circuit 100 low. As a 
result, a variation in the oscillation frequency becomes 
small with respect to noise dependent on the output of 
the loop filter 2, whereby an oscillation spectrum 

2 5 becomes narrow. 

According to the present embodiment as well, since 
the temperature data a and b are retained in the register 
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7 for each transmission/reception of the packet and 
supplied to the temperature compensating capacitors 34 
and 35, the oscillation frequency band of the oscillator 
circuit 100 can almost always be maintained at an 

5 oscillation frequency band corresponding to a design 
value when the oscillator circuit 100 is used for long 
hours and even if the environmental temperature is 
changed up to the maximum of its specs (e.g., 230K to 
400K) . 

10 Further, according to the present embodiment, since 

the temperature data a and b of the temperature detector 

8 are supplied to the temperature compensating capacitors 
34 and 35 in the form of digital signals, and the 
temperature compensating capacitors 34 and 3 5 are 

15 subjected to either 0V or the power supply voltage, i.e., 
the voltage smallest in capacitance value- input voltage 
characteristic, the resistance characteristics of the 
output of the temperature detector 8 to electrical noise 
are excellent. 

2 0 Furthermore, according to the present embodiment, 

since the wireless integrated circuit obtains the 
temperature data a and b during the reception of the 
transmit/receive frequency data from the control circuit 
of the wireless apparatus, the influence of the 

25 acquirement of the temperature data a and b on the 
frequency pull-in time is little. 
<Second embodiment> 
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Fig. 8 is a conf igurational example of an 
oscillator circuit 100 according to a second embodiment, 
and Fig. 9 is a conf igurational example of a voltage- 
controlled oscillator 3 according to the second 
5 embodiment, respectively. 

As shown in Fig. 8, the oscillator circuit 100 
according to the present embodiment further includes a 
device characteristic compensating circuit 9 in the 
oscillator circuit according to the first embodiment. As 

10 shown in Fig. 9, the voltage-controlled oscillator 3 
according to the present embodiment further includes 
device characteristic compensating capacitors 38 through 
41 and a monitor circuit 37 in the voltage-controlled 
oscillator according to the first embodiment. 

15 The device characteristic compensating capacitors 

38 through 41 are respectively variable capacitances for 
adjusting a shift in oscillation frequency band due to 
variations in device characteristic. 

The monitor circuit 37 is a circuit for monitoring 

20 an LPF voltage. The circuit compares a reference voltage 
corresponding to a design value of an LPF voltage 
necessary to output an oscillation frequency set by 
frequency data (division ratio N) at a desired 
temperature (3 00K in the present embodiment) and an 

25 actual LPF voltage and outputs the result thereof as a 
monitor output. 

The device characteristic compensating circuit 9 is 
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a circuit for controlling a string of device 
characteristic compensation data (a, b, c, d) given to 
the device characteristic compensating capacitors 38 
through 41, based on the monitor output and adjusting the 
5 capacitance values of the capacitors 3 8 through 41, 

thereby compensating for the influence of variations in 
device characteristic on the oscillation frequency. 

The monitor output of the monitor circuit 3 7 is a 
digital signal. In the present embodiment, "0" (low: 0V) 

10 is outputted when the LPF voltage is less than or equal 

to the reference voltage, whereas when the LPF voltage is 
higher than the reference voltage, " 1" (high: power 
supply voltage) is outputted. The monitor output of the 
monitor 37 has a history (hysteresis) with respect to the 

15 input. There is a difference between an LPF voltage at 

which the monitor output is inverted with an increase in 
LPF voltage, and an LPF voltage at which the monitor 
output is inverted with a decrease in LPF voltage. 

The capacitance values of the device characteristic 

2 0 compensating capacitors 3 8 through 41 are values 

proportional to the power of 2 . In the present embodiment, 
the capacitance values of the device characteristic 
compensating capacitors 38 through 41 are 0.03pF, 0.06pF, 
0.12pF and 0.24pF respectively. The device characteristic 

25 compensating capacitors 38 through 41 respectively 

receive respective data of the device characteristic 
compensation signal string (a, b, c, d) corresponding to 
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a digital signal from the device characteristic 
compensating circuit 9. The capacitance value-input 
voltage characteristics of the device characteristic 
compensating capacitors 3 8 through 41 are set so as to 
5 select capacitors in which the dependence of the 

capacitance values on the voltage becomes almost zero 
between OV and the power supply voltage. 

The oscillation frequency of the oscillator circuit 
100 is increased in a range of 15MHz to 18MHz each time 

10 the composite capacitance value of the device 

characteristic compensating capacitors 38 through 41 is 
reduced by a constant value CI (e.g., 0.03pF) . Changes in 
oscillation frequency by simulation are represented as 
shown in Fig. 10. In the same drawing, the composite 

15 capacitance value of the device characteristic 

compensating capacitors 3 8 through 41 is expressed in 
multiples of CI, and the oscillation frequency 
corresponds to the oscillation frequency of the 
oscillator circuit 100 at the each composite capacitance 

20 value. The amount of a shift in the oscillation frequency 
is equivalent to a change in frequency with the 
oscillation frequency 2460MHz where the composite 
capacitance value is 8*C1, as a reference value. 
[Capacitance value determining algorithm of device 

25 characteristic compensating process] 

Fig. 11 is a diagram for describing an algorithm of 
a device characteristic compensating process and shows a 
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calculated example of device characteristic compensation 
data strings (a, b, c, d) . 

In the same figure, a trial value (first time: 
initial value) to a trial value (fourth time) are 
5 indicative of values of data temporarily set to each 

device characteristic compensation data string (a, b, c, 
d) . A response indicates the value of the monitor output . 
Here, 11 1" indicates high: power supply voltage, and "0" 
indicates low: 0V. The final value indicates a final 

10 determined or fixed value of a device characteristic 
compensation data string (a, b, c, d) obtained as a 
result of four trials in total. The composite capacitance 
value is expressed in several times the constant value CI. 
When the response (monitor output) is 0, the oscillation 

15 frequency band is excessively higher than a set value and 
reaches an oscillation frequency corresponding to set 
frequency data at an LPF voltage lower than a reference 
voltage. When the response (monitor output) is 1, the 
oscillation frequency band is extremely lower than the 

20 set value, and an LPF voltage higher than the reference 

voltage is needed. In the present embodiment, as will be 
described later, the calculation of the device 
characteristic compensation data string is executed only 
once upon start-up of the wireless integrated circuit. 

25 The composite capacitance value 1*C1 corresponding 

to the uppermost stage in Fig. 11 will be described by 
way of example. 
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Firstly, the initial value of a device 
characteristic compensation data string is set to (1000) 
and data of a fourth-order bit is temporarily set to 1 
(initial value: trial value for the first time). When the 
5 frequency pull-in is executed at this value, the monitor 
output becomes 0. This corresponds to a case in which the 
oscillation frequency band of the oscillator circuit 100 
is excessively higher than the set value. Since there is 
a need to increase the capacitance value of the capacitor 

10 41, corresponding to the fourth-order bit and shift the 
oscillation frequency to the low frequency side, data 
(device characteristic compensation data d) of the 
fourth-order bit is set to the monitor output 0, and the 
following third-order bit is temporarily set to 1 (trial 

15 value for the second time) . On the other hand, when the 
monitor output is 1, the oscillation frequency band of 
the oscillator circuit 100 is excessively lower than the 
set value. Therefore, the data of the fourth-order bit is 
set to a monitor output 1, the capacitance value of the 

20 capacitor 41, corresponding to the fourth-order bit is 
reduced and the oscillation frequency is shifted to the 
high frequency side. 

That is, the value (1 or 0) of the monitor output 
is set to an nth-order bit being in trial, as a 

25 determined value as it is. 1 is temporarily set to a bit 
to be tried next . 

The response at a trial value for the second time 
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becomes 0. In a manner similar to the above, a third- 
order bit is determined as 0 and a second-order bit is 
temporarily set to 1 (trial value for the third time) . 

The response at a trial value for the third time 
5 becomes 0. In a manner similar to the above, a second- 
order bit is determined as 0 and a first-order bit is 
temporarily set to 1 (trial value for the fourth time) . 

The response at a trial value for the fourth time 
becomes 0. In a manner similar to the above, a first- 

10 order bit is determined as 0 and the final value of a 
device characteristic compensation data string is 
determined as (0000) . The composite capacitance value 
corresponding to the device characteristic compensation 
data string (0000) results in 1*C1. 

15 That is, when the responses for the first to fourth 

times are changed to 0 , 0, 0, and 0 as mentioned above, 
the final value of the device characteristic compensation 
data string is given as (0000) , and the composite 
capacitance value of the capacitors 38 through 41 results 

20 in 1*C1. Combinations of other responses (monitor 

outputs) are also similar to the above. Temporary setting, 
frequency pull-in and determination of values for monitor 
outputs are repeated from an upper-order bit to a lower- 
order bit, so that device characteristic compensation 

25 data strings (a, b, c, d) can be determined. 

According to this algorithm, device characteristic 
compensation data strings of n bits can be calculated by 
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trials of n times. The composite capacitance of the 
device characteristic compensating capacitors can be 
expressed in a 2 n gradation. That is, many levels of 
gradation or gray (2 n ) can be represented with a less 
5 number of trials n. In the present embodiment, a device 
characteristic compensation data string of 4 bits can be 
determined by the number of trials corresponding to four 
times. The device characteristic compensation data string 
can be expressed in a 2 4 (16) gradation. 

10 [Flowchart of packet transmitting/receiving process] 
Fig. 12 is a flowchart for describing a packet 
transmitting/receiving process according to the second 
embodiment. In the present flowchart, Steps S21 and S22 
are added to the flowchart according to the first 

15 embodiment. 

In Step S21, it is discriminated whether the 
transmission/reception of a packet corresponding to a 
first time is made upon start-up of the wireless 
integrated circuit. If it is determined that the 

20 transmission/reception thereof has been made upon its 
start-up, then the process of calculating device 
characteristic compensation data, to be described later 
is executed in Step S22, and thereafter the 
transmission/reception of the packet (Step 17) is 

25 executed. If the answer is found to be No in Step S21, 

i.e., upon packet transmission/reception corresponding to 
a second time and later, the transmission/reception of a 
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packet is executed in Step S17 after Step S16 in a manner 
similar to the first embodiment. 

Fig. 13 is a flowchart for describing a process for 
calculating and setting device characteristic 
5 compensation data at Step S22. 

First of all, a design voltage necessary to cause 
the oscillator circuit 100 to oscillate at the 
oscillation frequency set in Step S15 is supplied to a 
negative -phase input terminal of the monitor circuit 37 

10 as a reference voltage, and device characteristic 

compensation data (a, b, c, d) is initially set to (0001) 
(Step S221) . That is, the voltage applied to each of the 
voltage control terminals of the capacitors 38 through 41 
is initially set. Next, a counter value indicative of the 

15 order of a bit to be tried is initially set to "4" 

corresponding to the most significant bit (Step S222) . 

At Step S223, 1 is set to an nth-order bit to be 
tried as temporary (temporary setting of nth-order data) . 
Since, however, 1 has already been set to the fourth- 

20 order bit to be tried in Step S221 upon the first time 

trial (upon trial at the initial value) , there is no need 
to set 1 . 

In Step S224, the phase locked loop of the 
oscillator circuit 100 is operated to execute frequency 
25 pull-in and waits for stability of the oscillation 

frequency. In the present embodiment, a waiting time is 
assumed to be 500|isec. 
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In Step S225, the value (1 or 0) of a monitor 
output after the frequency pull-in is set to the nth- 
order bit to be tried and the value of the nth-order bit 
is determined. 

5 Since the oscillation frequency is excessively 

lower than the design value where the monitor output is 1 
as mentioned above, there is a need to reduce the 
capacitance value of each device characteristic 
compensating capacitor and shift the oscillation 

10 frequency to the high frequency side, and 1 is set to the 
nth-order bit. On the other hand, since the oscillation 
frequency might be excessively higher than the design 
value where the monitor output is 0, there is a need to 
increase the capacitance value of each device 

15 characteristic compensating capacitor and shift the 

oscillation frequency to the low frequency side, and 0 is 
set to the nth-order bit. 

It is determine in Step S226 whether n = 1. That 
is, a decision is made as to whether the determined bit 

20 is of the least significant bit. If the answer is found 
not to be n = 1, then the present process proceeds to 
Step S227, where 1 is subtracted from n and the order of 
a bit to be tried is lowered one (e.g., it is lowered 
from a fourth order to a third order) , and processes of 

25 Steps S223 to S225 are repeated. 

When n = 1 is reached at Step S226, all bits of a 
device characteristic compensation data string (a, b, c, 
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d) are determined. Therefore, the device characteristic 
compensation data string (a, b, c, d) is fixed (Step 
S228) and the preset process proceeds to Step S17 of Fig. 
12 . 

5 [Operation and effects] 

According to the present embodiment, since the 
influence of variations in device characteristic is 
further compensated in addition to the compensation for 
the influence of a change in temperature, a variation in 

10 oscillation frequency between wireless integrated circuit 
individuals due to the variations in device 
characteristic can also be compensated and an oscillation 
frequency band can be maintained at a design value with 
more satisfactory accuracy. 

15 According to the present embodiment as well, a 

string of device characteristic compensation data is 
determined and fixed upon start-up of a wireless 
integrated circuit. Thereafter, temperature compensation 
data are further updated for each transmission/reception 

20 of a packet. Therefore, even if the temperature changes 
after the start-up of the wireless integrated circuit, 
the oscillation frequency can be maintained in the 
neighborhood of a design value owing to the renewal of 
the temperature compensation data without updating the 

25 device characteristic compensation data. 

Further, according to the present embodiment, 
device characteristic compensation data strings (n device 
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characteristic compensating capacitors) of n bits are 
prepared even if the levels of gray for a composite 
capacitance value necessary for device characteristic 
compensation need 2 n . Thus, the values of the device 
5 characteristic compensation data strings can be 

determined by the number of n trials. Accordingly, the 
number of trials may be n times to determine the levels 
of gray equivalent to 2 n , and an increase in time required 
to determine the corresponding device characteristic 

10 compensation data string is suppressed and hence the 
levels of gray can be increased. 

While the present invention has been described with 
reference to the illustrative embodiments, this 
description is not intended to be construed in a limiting 

15 sense. Various modifications- of the illustrative 
embodiments, as well as other embodiments of the 
invention, will be apparent to those skilled in the art 
on reference to this description. It is therefore 
contemplated that the appended claims will cover any such 

20 modifications or embodiments as fall within the true 
scope of the invention. 
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